A high-valent non heme µ-oxo Mn IV dimer generated from a
thiolate-bound Mn II complex and O 2
Deborah Brazzolotto, [a,b] Fabián G. Cantú Reinhard, [c] Julian Smith-Jones, [a] Marius Retegan, [d] Lucia
Amidani, [d] Abayomi S. Faponle, [c] Kallol Ray, [e] Christian Philouze, [a] Sam P. de Visser,* [c] Marcello
Gennari,* [a] and Carole Duboc* [a] Abstract Dioxygen activation is critical for all forms of life and fundamental in many biological processes. [1] In addition, O2 is an environmentally benign oxidant in chemical catalysis [2] and the development of fuel cells requires electrocatalysts for its efficient and selective reductive activation.
[3] Activating O2 often requires transition metal ions to promote the process.
[4] The detailed understanding of the role of the metal ion and of the mechanism at a molecular level, especially through the characterization of intermediate species, is therefore crucial for the development of efficient catalysts. [5] Surprisingly, even though mono-and dinuclear high-valent metal oxo species derived from O2 have been extensively described for iron [6] and copper, [7] little is known on the dioxygen chemistry of manganese, [8] another cheap and abundant metal. In particular, a non heme oxo Mn IV complex directly generated by reacting O2 with a Mn II precursor has yet to be described. Mononuclear oxo and dinuclear µ-oxo Mn IV complexes have been quasi-exclusively generated using oxidizing agents such as H2O2, PhIO or peracids. [8] [9] There is only one case reported by Borovik et al in which the synthesis of an oxo-Mn IV complex derived from O2 and a Mn II precursor has been described, but the presence of ferrocenium was required to oxidize the intermediate Mn III species. [10] In a few other studies, Figure S1 ). [12] Scheme 1. with the appearance of a weak absorption band at 560 nm ( Figure S2 ) that is assigned to the di−µ−oxo Mn IV dimer,
The conversion is quantitative based on the UV-vis spectrum of the oxygenated solution. Its structure, resolved by single crystal X-ray crystallography, displays a perfect planar {Mn2O2} core with a C2 symmetry axis passing through the two O atoms with each Mn in the center of a distorted N2S2O2 octahedron ( Figure 1a ). The Mn … Mn distance (2.7821 (16) [13] X-ray absorption spectroscopy (XAS, Figure S3 Figure S2) . The subsequent addition of 1 equiv. of a strong base (tBuOK) restores the initial UV-vis spectrum with a loss of about 10% of the intensity due to the slow decomposition of the complex in solution. Consistently no EPR transition could be observed in their respective spectra since an antiferromagnetic coupling between the two Mn IV ions is expected resulting in a total spin S = 0 in both complexes. In the absence of available kinetic data (the oxygenation process is diffusion-limited), we have performed a DFT study to better understand the difference in reactivity between Mn
II 2SH
and Mn II 2. These exploratory calculations on the possible reaction cycles have been performed using previously benchmarked and calibrated methods for biomimetic manganese complexes. [16] The overall mechanism proposed for the reaction of Mn with large exothermicity (-56.0 kcal mol -1 ). As each individual step in the reaction mechanism of Scheme 2 is exothermic, this implies that the reaction is irreversible and the final products will be the most stable. As a matter of fact, most of these structures could be characterized experimentally, hence validating our proposed mechanism. We have also calculated the mechanism of O2 activation starting from the deprotonated Mn II 2 complex (Scheme S2 and Figure  S6 ). It is found that the process is energetically less favorable than the one starting from the Mn II 2SH complex, but still feasible. From these different pathways, it can be concluded that the formation of either a dinuclear Mn III or Mn IV complex will depend on the relative rates between the O2 activation processes (steps 1-2 in Scheme 2, formation of Mn III
2(OO)SH)
and the comproportionation reaction (step 5 in Scheme 2). In the case of a faster O2 activation, the initial Mn II complex will be entirely consumed to form the Mn IV derivate and thus the Mn III dimer cannot be generated. Conversely, in the case of a faster comproportionation reaction, a part of the Mn II complex will remain unreacted to O2, and will thus combine with the generated Mn IV species to yield the Mn III dimer. This is consistent with the fact that a higher concentration of O2 or the decoordination of a N-based donor atom. Although the reactivity of these two thiolate-based Mn II complexes differs significantly, the role of the metal-bound thiolate to promote O2 activation is, however, once more highlighted. In summary, our work reports the unprecedented generation of non heme µ-oxo Mn IV complexes from the reaction between thiolate Mn II complexes with O2. We showed that, by conveniently tuning the experimental conditions (room temperature, ligand deprotonation, low precursor concentration and high O2 concentration), the process can be directed to fully-characterized high-valent µ-oxo and µ-hydroxo-µ-oxo Mn IV dimers.
